Materials and Methods

Materials
All chemicals were purchased from Sigma Aldrich.
Analytical Equipment
Elemental analysis of the complex was carried out using Flash 2000 Thermo Scientific elemental analyzer in School of Chemistry, The University of Manchester. Thermogravimentric Analysis (TGA) of the complex was carried out by METTLER TOLEDO TGA/DSC 1 STARe system for the complexes under an atmosphere of dry nitrogen. NMR spectra were recorded in CDCl 3 and D 2 O solutions on a Bruker Ascend spectrometer operating at 400 MHz, NMR samples for compounds 1 and 2 were prepared under N 2 in glove box. Scanning Electron Microscope images (SEM) and EDX analysis were acquired using Philips XL 30FEG equipped with a DX4 and a FEI Quanta 200 ESEM with EDAX Genesis V4.61. Grazing incidence X-ray diffraction (GIXRD) patterns were obtained Bruker D8 Advance diffractometer (Cu-Kα, λ = 1.5418 Å) -the applied voltage was 40 kV, the current 40 mA and the angle of incidence was 3. The unit cells were obtained from the GIXRD patterns by use of the PANalytical High Score Plus 1 software with database ICDD P04+2015 to find the peak positions and Miller indices. After that the unit cell refinement was carried out using UnitCell. 2 
Synthesis of [Ca(S 2 CO i P) 2 ( i PrOH) 3 ] -1
Adapted from Bezougli et al. 3 Calcium metal (1.28 g, 16.0 mmol) was suspended in dry i PrOH (100 ml) and the mixture heated to reflux under N 2 for 24 h which resulted in dissolution of the metal and evolution of hydrogen gas, yielding a slightly grey solution. The reaction was cooled to 0°C and carbon disulfide (2.41 ml, 40 mmol) was added. A clear yellow solution started forming soon after the addition of carbon disulfide. The solution was stirred for 1 h at room temperature and then the solvent was removed in vacuo. The product was isolated as powder and stored under N 2 at 0°C (yield: 5. 
Synthesis of [Ba(S 2 CO i Pr) 2 ] -2
Adapted from Bezougli et al. 3 Barium metal (1.34 g, 9.76 mmol) was suspended in dry i PrOH (100 ml) and the mixture heated to reflux for 16 h under N 2 which resulted in dissolution of the metal and evolution of hydrogen gas, yielding a slightly grey solution. The reaction was cooled to 0°C and carbon disulfide (1.47 ml, 24.4 mmol) added. The solution was stirred for 1 h at room temperature and then the solvent was removed in vacuo. The product was isolated as white powder and stored under N 2 at 0°C (yield: 3.32 g, 83.6%). M.p. = 168-173 °C. 
Synthesis of [K(S 2 CO(CH 2 ) 2 OCH 3 )]
From Al-Shakban et al. 4 Potassium hydroxide (11.22 g, 0.20 mol) was dissolved in 2-methoxyethanol (75 ml) and the reactors were stirred for 6 h at 0 o C, before a solution of carbon disulfide (15.23 g, 12 ml, 0.20 mol) in 2-methoxyethanol (25 ml) was added dropwise to the reaction, resulting in a clear yellow solution.
[K(S 2 CO(CH 2 ) 2 OCH 3 )] was isolated from solution by the addition of THF (100 ml) and shaking the mixture for 15 min. The yellow solid product was dried and recrystallized from 2-methoxyethanol to give [K(S 2 CO(CH 2 ) 2 
Preparation of Thin Films
For the deposition of the CaCu 2 S 2 thin films, The precursor was prepared by sequentially dissolving [(PPh 3 ) 2 Cu(S 2 CO(CH 2 ) 2 OMe)] (0.118, 0.00016mol) and [Ca(S 2 CO i Pr) 2 ( i PrOH) 3 ] (0.0392 g, 0.00008mol) in 4 mL dry THF under an N 2 atmosphere in glove box. A clear yellow solution was obtained, precursors were directly coated on glass substrates, which were cleaned by ultra-sonication for 15 min in water and then 15 min in acetone. The prepared precursors were spin-coated at the spinning speed of 1000 rpm for CaCu 2 S 2 followed by immediate annealing for 1h at 300 °C. CaS, BaS, CuS, CaCu 2 S 2 , β-BaCu 2 S 2, and β-BaCu 4 S 3 were deposited by the same method. The experimental conditions are summarised in Table S1 . In order to probe C inclusion in the final films, we deposited CaS, BaS, CuS, BaCu 2 S 2 and BaCu 4 S 3 films on silicon substrates (to avoid any carbon signal from glass), and coated the films with Au/Pd source using (Quorum-Q150TES). The Au/Pd films thickness is ≈ 18 nm. Note that we were unable to obtain C content for CaCu 2 S 2 films, as the films did not bind well to the surface of the Si substrate. However, it is reasonable to assume that it would behave in a manner analogous to the other systems. 
